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APPARATUS AND METHOD FOR COMPENSATING 
OPERATING CURRENT IN AN AMPLIFIER WHEN 
SUPPLY VOLTAGE VARIES 



BACKGROUND OF THE INVENTION 
The present invention is directed to signal amplifier devices, and especially to 
differential signal amplifier devices. Supply voltages in amplifier devices are decreasing 
as efforts to create products having lower power requirements continue. Lower power 
requirements contribute to longer battery life, less heat generation and other advantages 
5 that are particularly useful in small, compact products. Differential signal amplifiers are 
experiencing a trend toward lower supply voltages, especially as differential signal 
amplifiers are increasingly manufactured to meet the Low Voltage Differential Signaling 
(LVDS) and Low Voltage Positive Emitter Coupled Logic (LVPECL) standards. 
Perfomiance of amphfier devices, including LVDS and LVPECL amplifiers exhibits 
10 significant variation in various operational parameters as supply voltage varies. 

If a particular amphfier is employed using a variety of supply voltages, there may 
be unacceptable variance in such operational parameters as gain, output voltage (e.g., 
output differential voltage, Vod, in LVDS and LVPECL amplifiers), and edge rate (a 
measure of definition of a signal edge). By way of example and not by way of limitation, 
1 5 as supply voltage drops, bias current drops. As a consequence of lower bias current, gain 
drops, Vod is reduced and speed is reduced. As gain is reduced, edge rate deteriorates. 

There is a need for an apparatus and method to operate an amphfier device at 
substantially constant operational parameters over a range of supply voltages. In 
particular, there is a need for an apparatus and method for compensating operating current 
20 in an amplifier when supply voltage varies. 
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SUMMARY OF THE INVENTION 
An apparatus for compensating operating current in an amplifier device when 
supply voltage to the amplifier device decreases below a predetermined value at an input 
voltage supply locus includes: (a) A first control circuit coupled with the input voltage 
5 supply locus. The first control circuit generates an output signal at an output locus when 
the supply voltage decreases below the predetermined value, (b) A second control circuit 
coupled with the output locus and coupled with the amplifier device. The second control 
circuit effects the compensating in response to the output signal. 

A method for compensating operating current in an amplifier device when supply 
10 voltage to the amplifier device decreases below a predetermined value at an input voltage 
supply locus includes the steps of: (a) In no particular order: (1) providing a first control 
circuit coupled with the input voltage supply locus; and (2) providing a second control 
circuit coupled with the first control circuit and coupled with the amplifier device, (b) 
Operating the first control circuit to generate an output signal when the supply voltage 
15 decreases below the predetermined value, (c) Operating the second control circuit to 
effect the compensating in response to the output signal. 

It is, therefore, an object of the present invention to provide an apparatus and 
method to operate an amplifier device at substantially constant operational parameters 
over a range of supply voltages. 
20 It is fiirther object of the present invention to provide an apparatus and method for 

compensating operating current in an amplifier when supply voltage varies. 

Further objects and features of the present invention will be apparent fi-om the 
following specification and claims when considered in connection with the accompanying 
drawings, in which like elements are labeled using like reference numerals in the various 
25 figures, illustrating the preferred embodiments of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 



30 



FIG. 1 is an electrical schematic diagram of a prior art differential signal 
amphfier. 
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FIG. 2 is an electrical schematic diagram of the preferred embodiment of the 
apparatus of the present invention. 

FIG. 3 is an electrical schematic diagram of the apparatus of the present invention 
employed with a two-stage differential signal amphfier. 

FIG. 4 is a flow chart illustrating the method of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
FIG. 1 is an electrical schematic diagram of a prior art differential signal 

10 amplifier. In FIG. 1, a differential signal amplifier 10 has a first stage 12 and a second 
stage 14. First stage 12 includes a first ampUfier stage 20 and a first level shift circuit 22. 
Second stage 14 includes a second amplifier stage 30 and a second level shift circuit 32. 

First stage 12 receives a positive input signal INp at input locus 16 and receives a 
negative input signal INn at input locus 18. Input locus 16 is coupled with a base 100 of 

15 an NPN transistor 102. Transistor 102 has an emitter 104 and a collector 106. Input 
locus 18 is coupled with a base 110 of an NPN transistor 1 12. Transistor 1 12 has an 
emitter 1 14 and a collector 116. Emitters 104, 1 14 are coupled with ground 1 19 via a 
bias circuit 120. Bias circuit 120 includes an NPN transistor 122. Transistor 122 has a 
base 126, an emitter 128 and a collector 130. Collector 130 is coupled with emitters 104, 

20 1 14. Emitter 128 is coupled with ground 119. A bias vohage Vbias is applied to base 
126 to control conducting operation by transistor 122. Collectors 106, 1 16 are coupled 
with an input voltage supply locus 132 via resistors 129, 131. 

A follower transistor 140 has a base 142, an emitter 144 and a collector 146. Base 
142 is coupled with a connection locus 135 between collector 106 and resistor 129. 

25 Collector 146 is coupled with supply voltage Vcc at input voltage supply locus 1 32. 
Emitter 144 is coupled with ground 1 19 via a bias circuit 150. Bias circuit 150 includes 
an NPN transistor 152 and a resistor 154 coupled in series. Transistor 152 has a base 
156, an emitter 158 and a collector 160. Collector 160 is coupled with emitter 144. 
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Emitter 158 is coupled with resistor 154. A bias voltage Vbias is applied to base 156 to 
control conducting operation by transistor 152. 

A follower transistor 170 has a base 172, an emitter 174 and a collector 176. Base 
172 is coupled with a connection locus 137 between collector 1 16 and resistor 131. 
5 Collector 1 76 is coupled with supply voltage Vcc at input voltage supply locus 1 32. 
Emitter 174 is coupled with ground 1 19 via a bias circuit 180. Bias circuit 180 includes 
an NPN transistor 182 and a resistor 184 coupled in series. Transistor 182 has a base 
186, an emitter 188 and a collector 190. Collector 190 is coupled with emitter 174. 
Emitter 188 is coupled with resistor 184. A bias voltage Vbias is applied to base 186 to 

10 control conducting operation by transistor 1 82. Output locus 26 is coupled with a 

connection locus 163 between collector 160 and emitter 144. Output locus 28 is coupled 
with a connection locus 165 between collector 190 and emitter 174. 

Second stage 14 receives a first input signal fi-om output locus 26 at input locus 42 
and receives a second input signal fi-om output locus 28 at input locus 44. Input locus 42 

1 5 is coupled with a base 200 of an NPN transistor 202. Transistor 202 has an emitter 204 
and a collector 206. Input locus 44 is coupled with a base 210 of an NPN transistor 212. 
Transistor 212 has an emitter 214 and a collector 216. Emitters 204, 214 are coupled 
with ground 219 via a bias circuit 220. Bias circuit 220 includes an NPN transistor 222. 
Transistor 222 has a base 226, an emitter 228 and a collector 230. Collector 230 is 

20 coupled with emitters 204, 214. Emitter 228 is coupled with ground 21 9. A bias voltage 
Vbias is applied to base 226 to control conducting operation by transistor 222. Collectors 
206, 216 are coupled with input voltage supply locus 132 via resistors 229, 231. 

A follower transistor 240 has a base 242, an emitter 244 and a collector 246. Base 
242 is coupled with a connection locus 235 between collector 206 and resistor 229. 

25 Collector 246 is coupled with supply voltage Vcc at input voltage supply locus 1 32. 

Emitter 244 is coupled with ground 219 via a bias circuit 250. Bias circuit 250 includes 
an NPN transistor 252 and a resistor 254 coupled in series. Transistor 252 has a base 
256, an emitter 258 and a collector 260. Collector 260 is coupled with emitter 244. 
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Emitter 258 is coupled with resistor 254. A bias voltage Vbias is applied to base 256 to 
control conducting operation by transistor 252. 

A follower transistor 270 has a base 272, an emitter 274 and a collector 276. Base 
272 is coupled with a connection locus 237 between collector 216 and resistor 23 1 . 
5 Collector 276 is coupled with supply voltage Vcc at input voltage supply locus 132. 
Emitter 274 is coupled with ground 219 via a bias circuit 280. Bias circuit 280 includes 
an NPN transistor 282 and a resistor 284 coupled in series. Transistor 282 has a base 
286, an emitter 288 and a collector 290. Collector 290 is coupled with emitter 274. 
Emitter 288 is coupled with resistor 284. A bias voltage Vbias is applied to base 286 to 
1 0 control conducting operation by transistor 282. 

Output locus 46 is coupled with a connection locus 263 between collector 260 and 
emitter 244. Output locus 48 is coupled with a connection locus 265 between collector 
290 and emitter 274. Output signal OUTp is presented at output locus 46. Output signal 
OUTn is presented at output locus 48. The potential difference between output loci 46, 
15 48 is differential output voltage Vod- 

Gain of first amplifier stage 20 is generally directly variable with respect to tail 
current Ijail that traverses transistors 102, 112. Differential output voltage Vod and 
speed of first amplifier stage 20 are also directly variable with respect to tail current 
Itail- Tail current Ijail niay also be viewed as the bias current that traverses bias 
20 transistor 122. When supply voltage Vcc d^'ops to a sufficiently low level, bias transistor 
122 saturates and consequently current Ijail through transistors 102, 1 12 is reduced. 
When tail current Itail at locus 131 in first amplifier stage 20 goes down, gain goes 
down, differential output voltage Vod goes down and speed of first amplifier stage 20 
goes down. 

25 This effect is also manifested in second amplifier stage 30. Gain of second 

amplifier stage 30 is generally directly variable with respect to tail current Itail that 
traverses transistors 202, 212. Differential output voltage Vod and speed of second 
amplifier stage 30 are also directly variable with respect to tail current Itail- Tail current 
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Itail niay also be viewed as the bias current that traverses bias transistor 222. When 

supply voltage Vcc drops to a sufficiently low level, bias transistor 222 saturates and 

consequently current Itail through transistors 202, 212 is reduced. When tail current 

Itail at locus 231 in second amplifier stage 30 goes down, gain goes down, differential 

output voltage Vod goes down and speed of second amplifier stage 30 goes down. 

Expressed in mathematical format: 



Gain --Itail [1] 
Vod ^ Itail [2] 



When gain is low, the output signals at output loci 46, 48 exhibit a less-defined 
edge than is presented when gain is high. Also, as mentioned earlier herein, speed is 
reduced as supply voltage Vcc is reduced. Speed reduction occurs because a lower 
supply voltage Vcc causes a lower tail current Itail so that there is a lower current 
density in transistors 102, 1 12 (first ampUfier stage 20) and in transistors 202, 212 
(second amplifier stage 30). The speed of transistors is only optimized with a certain 
optimized current density. Lower tail current Itail reducing current density to less than 
the optimized current density is manifested in a lower speed of operation. 

FIG. 2 is an electrical schematic diagram of the preferred embodiment of the 
apparatus of the present invention. In FIG. 2, an apparatus 300 includes a first control 
circuit 302 and a second control circuit 304. Apparatus 300 is configured for controlling 
operation of an amplifier device 301. Only a representative portion of amplifier 301 is 
shown in FIG. 2. Apparatus 300 effects controlling operation of amplifier device 301 by 
compensating operatmg current in amplifier device 301. First control circuit 302 includes 
PMOS transistors 306, 308 coupled in parallel. Transistor 306 has a source 310, a drain 
312 and a gate 314. Transistor 308 has a source 316, a drain 318 and a gate 320. 
Transistors 306, 308 are coupled with an input voltage supply locus 322 via a resistor 
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324. A supply voltage signal Vcc is applied at input voltage supply locus 322. Resistor 
324 has a value Ri . Drains 3 12, 3 18 are coupled with a ground locus 330 via a current 
mirror device 332. Current mirror device 332 includes bipolar transistors 334, 336. 
Transistor 334 has a collector 338, an emitter 340 and a base 342. Transistor 336 has a 
collector 344, an emitter 346 and a base 348. Emitters 340, 346 are coupled with ground 
locus 330. Bases 342, 348 are coupled with collector 344 to establish transistor 336 in a 
diode-connected configuration. 

Resistors 326, 328 are connected in series between input voltage supply locus 322 
and ground locus 330. Resistor 326 has a value R2. Resistor 328 has a value R3. Gate 
320 receives a reference voltage signal Vref- Gate 314 is coupled with a connection 
locus 315 between resistors 326, 328. An output locus 350 is located at drain 312 and is 
coupled with second control circuit 304. 

Second control circuit 304 includes a bipolar transistor 352. Transistor 352 has a 
collector 354, an emitter 356 and a base 358. Base 358 is coupled with output locus 350. 
Emitter 356 is coupled with ground locus 330. Collector 354 is coupled with amplifier 
device 301. 

The portion of amplifier device 301 illustrated in FIG. 2 represents a pertinent 
portion of first ampHfier stage 20 of differential signal amplifier 10 (FIG. 1) by way of 
illustration and not by way of limitation. Amplifier device 301 includes transistor 102 
having an emitter 104 and transistor 112 having an emitter 1 14. Emitters 104, 1 14 are 
coupled with ground locus 330 via bias circuit 120. Bias circuit 120 includes NPN 
transistor 122. Transistor 122 has base 126, emitter 128 and collector 130. Collector 130 
is coupled with emitters 104, 1 14. Emitter 128 is coupled with ground locus 330. A bias 
voltage Vbias is applied to base 126 to control conducting operation by transistor 122. 
Tail current Ijail flows fi-om emitters 104, 1 14 and is present at collector 130. As 
described earlier herein with regard to FIG. 1, when supply voltage Vcc at input voltage 
supply locus 132 (FIG. 1) is reduced, Itail goes down. 

Gain of first amplifier stage 20 is generally directly variable with respect to tail 
current Itail that traverses transistors 102, 1 12. Differential output voltage Vod and 
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speed of first amplifier stage 20 are also directly variable with respect to tail current 
Itail- Tail current Itail may also be viewed as the operational current for first amplifier 
stage 20 or as the bias current that traverses bias transistor 122. When supply voltage 
Vcc drops to a sufficiently low level, bias transistor 122 saturates and consequently 
5 current Ijail through transistors 102, 1 12 is reduced. When tail current Itail at locus 
131 in first ampUfier stage 20 goes down, gain goes down, differential output voltage Vod 
goes down and speed of first amplifier stage 20 goes down. 

First control circuit 302 monitors supply voltage Vcc and compensates for 
reductions in supply voltage Vcc by providing a compensating current Icomp to locus 
10 360 in amplifier device 301 to supplement tail current Itail- Supplementing tail current 
Itail using compensating current Icomp when Vcc drops reduces the effects of reduced 
tail current Itail described above (i.e., reduced, gain, reduced Vod, reduced speed and 
degraded edge rate) and effects control of operation of ampUfier device 301. 

Resistors 326, 328 estabhsh a voltage divider circuit. If resistor values R2, R3 of 

y 

1 5 resistors 326, 328 are equal, then signals appearing at locus 3 1 5 are equal to . 

2 

y 

If > Vref => transistor 308 is on and transistor 306 is off. In such a 

configuration, the base-to-emitter voltage Vbe of transistor 352 will remain too low to 

turn on transistor 352 (so long as reference voltage Vref is selected properly). 
y 

If < Vref => transistor 306 is on and transistor 308 is off. In such a 

20 configuration, the base-to-emitter voltage Vbe of transistor 352 will rise sufficiently to 
tum on transistor 352 (so long as reference voltage Vref is selected properly). When 
transistor 352 is tumed on, compensating current Icomp flows to locus 360 in amplifier 
device 301 to be added to tail current Itail (i-^., to supplement tail current Itail) i^i 
ampHfier device 301. Increasing tail current Itail (i-^., supplementing tail current Itail 
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with compensating current Icomp) compensates lowering of operating current in amplifier 
device 301 that occurs because of reduction in supply voltage Vcc- 

Control of operation of amplifier device 301 is achieved when a reduction of 
supply voltage Vcc is sensed by first control circuit 302. First control circuit 302 

y 

5 operates to compare Vcc (actually, ) with reference voltage Vref- Preferably, 

reference voltage Vref is selected to remain substantially fixed over the entire supply 
voltage Vcc range of operation of apparatus 300. First control circuit 301 responds when 
that comparison indicates that supply voltage Vcc drops below a predetermined value by 
generating an output signal at output locus 350. Second control circuit 304 responds to 

10 the output signal at output locus 350. When the output signal at output locus 350 reaches 
a predetermined value, second control circuit 304 injects compensating current Icomp 
into ampUfier device 301 at locus 360 to control operation of amplifier device 301 by 
supplementing tail current Itail with compensating current Icomp- 

FIG. 3 is an electrical schematic diagram of the apparatus of the present invention 

15 employed with a two-stage differential signal amplifier. In FIG. 3, differential signal 
amplifier 10 (FIG. 1) is reproduced in its entirety. In order to avoid prolixity a detailed 
description of amplifier 10 will not be repeated here. A first control circuit 302 
(described in detail in FIG. 2) is coupled with a second control circuit 304i (described in 
detail in FIG. 2) associated with first ampUfier stage 20. First control circuit 302 is also 

20 coupled with a second control circuit 3042 (described in detail in FIG. 2) associated with 
second ampUfier stage 30. First control circuit 302 carries out a comparing fimction 
described with regard to FIG. 2 to ascertain when supply voltage Vcc drops below a 
predetermined level. When supply voltage Vcc drops below the predetermined level, an 
output signal is presented at output locus 350. Second control circuits 304i, 3042 are 

25 coupled with output locus 350. The output signal presented at output locus 350 is 

sufficient to tum on second control circuits 304i, 3042 and second control circuits 304i, 
3042 respond by providing a compensating current Icomp- Second control circuit 304i 
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provides compensating current Icomp to first amplifier stage 20 at a circuit locus 360 to 
compensate for reduced tail current Ijail that results in first amplifier stage 20 fi-om 
decreased supply voltage Vcc- Second control circuit 3042 provides compensating 
current Icomp to second amplifier stage 30 at a circuit locus 361 to compensate for 
5 reduced tail current Ijail that results in second ampUfier stage 30 fi-om decreased supply 
voltage Vcc. Additional amplifier stages (not shown in FIG. 3) may be provided with 
individual additional second control circuits 302n as necessary to compensate all 
amplifier stages of an amplifier device. 

FIG. 4 is a flow chart illustrating the method of the present invention. In FIG. 4, a 

10 method 400 for compensating operating current in an amplifier device when supply 

voltage to the amplifier device decreases below a predetermined value at an input voltage 
supply locus begins at a START locus 402. Method 400 continues with the step of: in no 
particular order: (1) providing a first control circuit coupled with the input voltage supply 
locus, as indicated by a block 404, and (2) providing a second control circuit coupled with 

15 the first control circuit and coupled with the amplifier device, as indicated by a block 406. 
Method 400 continues witti the step of operating the first control circuit to 
generate an output signal when the supply voltage decreases below the predetermined 
value, as indicated by a block 408. 

Method 400 continues with the step of operating the second control circuit to 

20 effect the compensating in response to the output signal, as indicated by a block 410. 
Method 400 terminates at an END locus 412. 

It is to be understood that, while the detailed drawings and specific examples 
given describe preferred embodiments of the invention, they are for the purpose of 
illustration only, that the apparatus and method of the invention are not limited to the 

25 precise details and conditions disclosed and that various changes may be made therein 
without departing fi^om the spirit of the invention which is defined by the following 
claims: 



